Our performance study demonstrates that both simulators show the performance of AODV is significantly decreased in mobile environment due to the frequent topology change in MAS NETs.
I. INTRODUCTION
The rapid development of wireless communication tech nologies and portable mobile devices such as laptops, PDAs, smartphones and wireless sensors brings the best out of mobile computing particularly mobile ad-hoc and sensor networks. Mobile computing can be defined as the use of portable mobile devices in conjunction with mobile communications technologies that allows transmission of data, via mobile devices, without having to be connected to a fixed physical link [1] as in Mobile Ad-hoc Networks (MANETs) [2] and Wireless Sensor Networks (WSNs) [3] . The design of routing protocols for both types of networks, which can be called as Mobile Ad-hoc Sensor Networks (MASNETs), is a complex issue because of the diversity of their potential applications, ranging from small, static networks that are constrained by power sources, to large scale highly dynamic mobile networks. MASNETs also have certain characteristic, which imposes new demands on the routing protocol. The most important characteristic is the dynamic topology, which is a consequence of the mobile nodes. A mobile node can change position quite frequently, which means that we need a routing protocol that quickly adapts to topology changes. In designing such routing protocol we have to consider the constraints of the nodes in MAS NETs that are often very limited in resources such as processing capacity, storage, battery power and bandwidth power, processing ability, short transmission range and limited storage space [4] . Since the nodes are forwarding packets for each other towards sink, some sort of efficient routing protocol is necessary to make better routing decisions with less energy consumption in mobile environment. Before designing a better routing protocol for MAS NETs, there is a need to identify the effects of node mobility on a routing protocol for such mobile networks.
In order to evaluate the performance of the proposed routing protocols that have been designed, the researchers need to simulate such routing protocols using different simulators. But, some of the simulators not be able to simulate all the performance metrics that required for different evaluation of routing protocols due to their constraint and limitations as discussed in [5] . Therefore, in this paper we study two different simulators namely Avrora and Castalia simulators to evaluate the capability of an Ad-hoc On-Demand Distance Vector (AODV) [6] routing protocol on how far it can re act to network topology change in MAS NETs. We present the analysis of the impact of mobile nodes on the average percentage of packet loss with different speed and density of mobile nodes through these two simulators. The rest of the paper is organized as follows: Section II includes the recent related work on the performance evaluation of AODV. The AODV routing protocol description is summarized in section III. The simulation environment and set-up are described in Section IV. We present the simulation results in section V. Section VI concludes the paper and outlines the future work.
II. RELATED WORK
This section reviews the recent related work which directly or indirectly aims at evaluating performance of the existing AODV routing protocol with different simulators as in [7] , [8] , [4] , [9] , [10] . Most of this work simulate different routing protocols using one simulator only but not many papers in literature evaluate the performance of AODV with two different simulators.
Performance evaluation of AODV in MASNETs has gained an important part of the interest of researchers. As one of the popular simulators for Wireless Sensor Networks (WSN), a study of performance evaluation with Castalia in WSN has been described in [7] by using multipath routing proto col. Performance evaluation is involving goodput, application level latency, total data transmission to the sink node, and number of failed packet to the sink node. All these metrics are collected from two distinct WSN topologies namely, Grid and Uniform, while each scenario was tested for scalability with different number of nodes in each configuration. Through analysis of the results, they found that the execution time was the most vulnerable metric for Castalia.
One of the works, notably [8] have compared and evaluate performance of WSN by comparing End-to End Delay, number of packet received, packet drop ratio and energy consumption of the network with the help of simulation result derived by Network Simulator, NS-2. The graphical result obtained, show that AODV have good performance for received and drop packet but have worst performance on energy consumption. Although the main aim of this work is to study the perfor mance evaluation of WSN with different routing protocols, they did not investigate the performance evaluation with the presence of various number of mobile nodes density and velocity.
In order to evaluate the proposed protocol in [4] , the performance metrics like packet delivery ratio, average delay and throughput have been analysed. The simulation is carried out using Network Simulator Version 2 (NS-2). The analysis of result show that better performance were obtained by using their proposed routing protocol. Even though the experiment have used different number of mobile nodes as the parameter of mobility, the used of speed variants were taken into account in our work to study the impact of different node's speed with the performance metric like the average percentage of packet loss.
Paper [9] has evaluated the performance of routing solution with some metrics like average end-to-end delay, packet loss ratio and energy consumption by using Castalia simulator. This paper has also declared that Castalia provides realistic wireless channel and radio models together with the realistic node behaviour related to access of the radio. Even though the simulation result achieved the short average end-to-end delay packet and very low packet loss rate, but the use of Fault tolerant and QoS based Network Layer is not common to be used for routing protocol in ad hoc networks.
Another work [10] analyzed whether the energy consump tion in a WSN can be evaluated realistically using the Avrora simulation tool. For this purpose, results from a reference experiment using SANDbed, a WSN testbed with focus on energy measurements, and Avrora, a wireless sensor network simulation tool, are compared. A concluding evaluation shows that the improved Avrora reduces the difference between sim ulation and testbed. However,all these experiments are focus on the energy consumption metric while another metric like the average of percentage packet loss need to be considered as well as in our work. This paper concentrates on evaluating the performance of AODV in MASNETs environment with two different simulators which are Avrora and Castalia to get a better performance evaluation results on AODV routing protocol. We investigate the impact of changing mobile node speed and density using both simulators, and compare their performance in terms of on the average percentage of packet loss.
III. AODV ROUTING PROTOCOL DESCRIPTION
AODV is developed by Charles E. Perkins [11] which stands for ad hoc on-demand distance vector protocol because route discovery in AODV is "on-demand". The protocol has become RFC standard of routing protocol in ad hoc network by IETF MANET working group in 2003. Two basic routing operations of AODV are including route discovery and maintenance with various types of control messages [6] which defined as follows:
• Control Messages: In AODV, there are four basic control messages including Route Request(RREQ), Route Re ply(RREP), Route Error (RERR) and HELLO messages. RREQ message broadcasted by the source node and will be further forwarded to destination node by intermediate nodes. RREP packet will respond to the source node only if RREQ packet received by intermediate node and has an available routing path to the destination node. Route error message (RERR) is sending back to the source node if it is aware that there exists routing error and restarts routing discovery. While, the HELLO messages are used for detecting and monitoring links to neighbours.
• Ronte Discovery: Before a data packet send to a destina tion node, the entries in route table are checked to ensure whether there is an available route to that destination node or not. If there is route available, the data packet is forwarded to the appropriate next hop toward the destination. If it is no route available, the route discovery process is initiated. AODV initiates a route discovery process using Route Request (RREQ) and Route Reply (RREP). The source node will create RREQ packet with the broadcast ID and the ID is incremented each time the source node initiates RREQ. The requests are sent using RREQ message and the information in connection with formation of a route is sent back in RREP message. The source node then broadcasts the RREQ packet to its neighbours and then sets a timer to wait for a reply.
To process the RREQ, the node specifies a reverse route entry particularly for the source node in its routing table. This helps to know how to forward RREP to the source. A lifetime is basically associated with the reverse route entry and if this entry is not used within this lifetime, the route information is removed. If RREQ lost during process of transmission, the source node is allowed to rebroadcast the RREQ using route discovery mechanism.
• Route Maintenance: A route discovered along source to destination node is maintained by the source node as long as needed. Since the nodes are mobile in ad hoc network, in addition to the movement of the source node during an active session, the route discovery is initiated to establish a new route to destination. On the other hand, if the sink or any intermediate node is moving, the node upstream of the break initiates RERR message to the active neighbours or node nearest to it. Therefore, these nodes broadcast the RERR to their forwarder or other nodes. This process endures until the source node is reached. When RERR is received by the source node, it can either stop sending the packet or re-initiate the route discovery mechanism by sending a new RREQ message if the route is still required.
IV. SIMULATION ENVIRONMENT
Here we give the emphasis for the evaluation of performance of AODV routing protocol in MASNETs with various speed and density of mobile nodes on two different simulators namely Avrora and Castalia.
A. Network Simulators AVRora [12] is a set of simulation tools for WSN by UCLA Compilers Group. It is specifically designed for sensor networks embedded in Java. It is the extension of TOSSIM containing a model of energy consumption. However, the simulator attempts to achieve better scalability and speed than TOSSIM [13] by avoiding synchronization of all nodes after every instruction. Unlike TOSSIM, Avrora which is based on Java, simulates each node as its own thread, while executing the code [14] . Avora simulates the operation of the program and emulate devices that interact with the program. In addition, it provides an API to investigate and monitor the program of study for its execution debugging, profiling and testing purposes. It allows the simulation experiments with networks of more than 10000 nodes and performs up to 20 times faster than previous emulators with the same precision [15] . Many useful features also provided by Avrora puposely to support the research on WSN, like control flow graph generation, energy analysis, and mobility extension model.
The used of Avroras extension model, Random Waypoint (RWP) mobility model is to simulate different mobility set tings in our experiments. It is one of the most commonly used mobility models in this research area, because of its simplicity and wide availability. For this experiment, the reviewed of RWP model is considering a rectangular network area with dimensions of Xmax and Ymax. By using this mobility model, the mobile nodes move randomly and to be more specific, the destination and destination are all chosen randomly and independently by other nodes. This model also introduced pause time between changes in direction of the nodes as the destination reached, the node stops for a time defined by the pause time parameter. After this duration, it again chooses a random destination and the whole process were repeated until the simulation ends.
On the other hand, Castalia [16] is a simulator for sensor network, body area network and generally networks of low power embedded devices. It is based on the OMNeT ++ platform and can be used by researchers and developers to test their distributed algorithms and protocols in realistic wireless channels and radio models, with a realistic node behaviour especially relating to access of the radio. It can also be 
B. Simulation Setup
We consider a network of nodes placing initially in a grid topology as shown in Fig. 1 . The performance of AODV is evaluated by keeping the mobility area and pause time of RWP mobility model constant and varying the velocity and density of mobile nodes for different experiment settings. TA BLE I shows the simulation parameters used in this evaluation.
In order to evaluate the capability of AODV routing protocol on how it reacts to network topology changes in MASNETs, we focused on the average percentage of packet loss. This metric can be define as the average of packets sent by the source and the packet dropped (loss) before receiving by the base station (sink). It is determined by calculating the ratio of packets unsuccessfully delivered to the sink, to the total number of packets sent by mobile nodes. There are several experiments have been conducted in order to show the impact of mobile nodes on the performance of AODY. Two important parameters of mobility have been analyzed which are various speed and density of mobile nodes on the average percentage of packet loss. All these experiments are simulated on Castalia and Avrora simulators which will be further compared in term of their simulation results.
In the first experiment, we have conducted the experiments of speed of mobile nodes on Castalia with similar configura tion and parameters that have been used in Avrora as described in the previous section. The statistical analysis in TA BLE II and the simulation result in Fig. 2 compare the average percentage of packet loss of different speed of mobile nodes on Avrora and Castalia. As shown in Fig. 2 , the average percentage of packet loss for Avrora increased gradually from 51.13% to 86.84% as the speed of mobile nodes increase from speed of 2 mls to 10 mls. When we compare the simulation results of Avrora to Castalia, the average percentage of packet loss also increase from 86.38% to 90.36% with a slow rate as the speed of mobile nodes increase. This indicates that the pattern of simulation results on Avrora is more or less the same as compared to the pattern of simulation results on Castalia.
In the second experiment, we have conducted the exper iments of density of mobile nodes on Castalia with similar configuration and parameters that have been used in Avrora as in Table . The statistical analysis in TA BLE 3 and the simulation result in Fig. 3 compare the average percentage of packet loss of different density of mobile nodes on Avrora and Castalia. The average percentage of packet loss increased sharply from 0.03% to 33.42% when there are 2 to 4 mobile nodes and it increased gradually from 33.42% to 62.64% as the density of mobile nodes increase from 4 to 10 density of mobile nodes as shown in Fig. 3 . But, when we compare the simulation results of Avrora to Castalia, the average percentage of packet loss only increase slowly from 81.47% to 89.09% as the density of mobile nodes increase. This indicates that the pattern of simulation results on Avrora is almost the same as compared to the pattern of simulation results on Castalia.
Based on these simulation results, there is some differences between the simulation results of Avrora and Castalia. One of the reasons is due to the use of different programming language to implement AODV in these two simulators. In Avrora, AODV is implemented using NesC, which is based on C programm ing language whereas Castalia is used C++ pro gramming language. The different implementation of AODV might have different complexity of source code, where C++ in Castalia is an object-oriented programming language and more complex in comparing to C programm ing language in Avrora. Another reason is the different implementation of RWP mo bility model in these simulation tools. The implementation of RWP mobility model in Castalia is more complex than Avrora because it is integrated with OMNET ++ mobility models. In Avrora, the implementation of RWP mobility model is within the simulator itself that make it more simple. Although, the functions of AODV routing protocol and RWP mobility model in each simulator is similar and the simulation set-up on each experiments is also the same, the different implementation of source codes and complexity of mobility model affects the simulation results on Avrora and Castalia.
However, from the simulation results the simulation pattern for both simulation tools show increasing in the average per centage of packet loss in different speed and density of mobile nodes. The simulation pattern of both simulation tools also show that speed and density of mobile nodes have a negative impact on AODV due to the frequent topology change, where the higher speed and the increase number of mobile nodes in the network contribute to the higher average percentage of packet loss.
VI. CONCLUSION AND FUTURE WORK
In this paper, we have evaluated the performance of a AODV routing protocol in MASNETs to demonstrate the impact of mobile nodes on performance metrics of MASNETs routing protocol on different simulators which are Avrora and Castalia simulators. Several experiments have been conducted to evaluate AODV in terms of the average of percentage of packet loss with various speed and density of mobile nodes. It can be clearly seen from the experimental results that AODV routing protocol cannot perform in MASNETs as good as in static sensor networks when there is a high topology change in MASNETs due to increase in the speed and density of mobile nodes. The reasons are that AODV does not successfully find a new route for those packets; and since broken links are not detected fast enough, the mobile nodes keep sending packets on a broken link believing that it is still working properly. From the simulation results, we can conclude that AODV protocol was not able to detect broken routes and react to topology change fast enough in mobile environment. However, in low speed and density of mobile nodes, the percentage of packet loss is still acceptable for certain application of MASNETs. In this case, we believe that there is still some room for improvement of performance of AODV in terms of minimizing packet loss in MAS NETs.
In order to successfully implement AODV in a mobile environment, there are several avenues for further studies as follows:
• To design an energy-savvy routing protocol that able to react efficiently on network topology changes. Some sort of information such as RSSI (Received Signal Strength Indicator) or LQI (link Quality Indicator) might be needed as the input to the routing protocol in order to improve the performance of AODV in mobile environ ment.
